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ABSTRACT
Context. Compact groups (CGs) of galaxies, similar to those catalogued by Hickson, appear to be the densest galaxy structures in
the Universe. Redshift information is insufficient to determine whether a CG is roughly as dense in three dimensions as it appears in
projection, or whether it is caused by a chance alignment along the line of sight within a larger galaxy system.
Aims. Recent precise distance measurements help probe the nature of the nearest CG, situated in the Virgo cluster, whose dominant
member is M60.
Methods. The isolated status of the CG is reassessed with recent photometry and a statistical analysis is performed on the surface
brightness fluctuation (SBF) distances measured by Mei et al. in Virgo, for 4 of the 5 CG members.
Results. The neighboring galaxy NGC 4606 appears (with 80-90% confidence) to be too faint to affect the isolated status of the CG.
Taken at face value, the SBF distances suggest that M59 and NGC 4660 lie roughly 2 Mpc to the foreground of M60, NGC 4638,
and the bulk of the Virgo cluster. The statistical analysis confirms that the CG is, indeed, the result of a chance alignment of its
galaxies, with NGC 4638 lying at least 800 kpc further away (with 99% confidence) than either M59 or NGC 4660. The first two
galaxy distances are consistent with M59 and NGC 4660 constituting a tight pair. The dominant galaxy, M60, is at least 440 kpc more
distant (95% confidence) than the M59+NGC 4660 pair, and over 1 Mpc (99% confidence) more distant if one uses the broken linear
calibration of the SBF distances.
Conclusions. This work constitutes the first direct analysis of the nature of a compact group of galaxies. Chance alignments of
galaxies represent a realistic alternative to truly dense groups to explain the nature of CGs. With current SBF distance accuracies, one
could determine the nature of HCG 68 in the same way.
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1. Introduction
Compact groups of galaxies (CGs) appear to be the densest
known multiple galaxy systems (with mean densities ∼ 104
times the critical density of the Universe). The CG catalog by far
the most studied is the one assembled by Hickson (1982), who
visually searched the POSS I photographic plates for isolated
groups of at least 4 members within 3 magnitudes of the bright-
est, whose mean surface brightness exceeded a given threshold.
The mean surface brightness is measured within the smallest cir-
cumscribed circle (hereafter, Hickson circle) containing the cen-
ters of the galaxies. The isolation criterion specifies that there
are no galaxies within 3 mag (in the R band) from the brightest
CG member within an isolation ring extending from the Hickson
circle to a concentric circle 3 times wider.
A spectroscopic followup by Hickson et al. (1992) revealed
that among the 100 Hickson compact groups (HCGs), only
69 groups had at least four members with accordant veloci-
ties (within 1000 km s−1 from the median). Still, it is unclear
whether these 69 HCGs are roughly as dense in three di-
mensions as they appear to be in projection (Hickson & Rood
1988), or whether they are caused by chance alignments of
galaxies along the line of sight (Rose 1977 for the elon-
gated CGs; Mamon 1986 and Walke & Mamon 1989 for
most HCGs). The galaxies in a chance alignment lie in a
looser group (Mamon 1986; Walke & Mamon 1989), a clus-
ter (Walke & Mamon), or an even longer cosmological filament
(Hernquist, Katz, & Weinberg 1995). Although HCG galaxies
display numerous signs of dynamical interaction with close
neighbors (Hickson 1997, and references therein), those HCGs
caused by chance alignments are expected to be binary-rich
(Mamon 1990, 1992), and these binaries should explain — to
first order — the frequency of interacting galaxies (Mamon
1992).
Motivated by Walke & Mamon’s prediction that the fre-
quency of chance alignments increases with the number of
galaxies in the parent system, I had searched the Virgo clus-
ter for CGs meeting Hickson’s selection criterion, and indeed
found a CG, composed of M60, M59, NGC 4660, NGC 4638,
and NGC 4647 (Mamon 1989). Figure 1 displays a view of this
compact group (hereafter called the M60 CG), taken from the
Sloan Digital Sky Survey (SDSS).
The M60 CG had been missed by Hickson (1982), because
NGC 4606, an Sa galaxy lying at 1.98 Hickson circle radii from
the group center, was only 2.4 mag fainter than M60 in the B
band. Even after a crude extrapolation to R magnitudes for the
different morphological types of the two galaxies, NGC 4606
was still slightly less than 3 mag fainter than M60, so NGC 4606
caused the CG to fail Hickson’s isolation criterion. When I dis-
covered this CG (Mamon 1989), I noticed that more accurate B-
band photometry indicated that NGC 4606 was 2.88 mag fainter
in B than M60, which, after the crude correction for morpholog-
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Fig. 1. SDSS mosaic of the M60 compact group in RGB display
using the g, r and i SDSS images. The image is 54.′1 wide. The
dark vertical lines in the Northern part of M60 and the Western
part of M59 are image artefacts.
ical types, suggested that NGC 4606 was at least 3 mag fainter
than M60 in the R band. I therefore argued that NGC 4606 did
not affect the isolated status of the CG, and concluded that the
M60 CG was the nearest HCG-like group.
The nature of CGs within clusters is by no means clear.
While chance alignments are expected to be frequent in clus-
ters (Walke & Mamon 1989), one also expects to see groups
falling in or bouncing out of clusters before becoming dynam-
ically mixed with their host cluster. The tidal field of the clus-
ter should truncate the infalling groups after their first passage,
leaving groups with high density close to that of the cluster at
pericenter (Mamon 1995; Gnedin et al. 1999), which is of the
same order as the mean density of the M60 CG.
Recent measurements by Mei et al. (2007) of the distances to
Virgo elliptical and lenticular galaxies, through the accurate sur-
face brightness fluctuation (SBF) method (Tonry & Schneider
1988), permit to check whether the M60 CG is dense in 3D or
whether it is caused by a chance alignment of galaxies. This is
the first CG meeting the HCG criteria that is sufficiently nearby
to have its nature determined by SBF distance measurements.
In this Research Note, I first re-investigate in Sect. 2 whether
the latest photometric measurements confirm that NGC 4606 is
too faint to be considered a contaminant of the isolation ring. I
then present briefly, in Sect. 3, the SBF distance measurements.
In Sect. 4, I estimate lower limit for the line-of-sight separations
of the M60 CG galaxies, given the SBF distance measurements
and their errors, to decide whether the M60 CG is a chance
alignment of galaxies or a true dense group. Finally, I discuss
in Sect. 5 what should be the maximum line-of-sight size of
a dense group, and compare with the lower limits determined
in Sect. 4. I also investigate which other HCGs are both close
enough and with sufficient numbers of bright early-type galax-
ies to have their nature determined by SBF measurements with
present-day accuracies.
2. Is NGC 4606 sufficiently bright to affect the
isolated status of the M60 compact group?
Figure 2 shows the large-scale environment of the M60 CG, with
NGC 4606 lying within the isolation ring. Is NGC 4606 bright
enough to prevent the M60 CG from being isolated? Following
M60
M59
NGC 4638
NGC 4660
NGC 4647
NGC 4606
Fig. 2. SDSS mosaic of the M60 compact group and its envi-
ronment in RGB display using the g, r and i SDSS images. The
image is 2.◦7 wide. The inner and outer circles show the limit of
the group and the outer radius of the isolation ring, respectively.
The two bright blue objects in the ring are foreground stars.
Hickson’s original isolation criterion, the M60 CG is isolated if
NGC 4606 is over 3 magnitudes fainter than M60 in the R band.
Unfortunately, there is yet no good R-band photometry for
NGC 4606 and M60. The 6th Data Release of the Sloan Digital
Sky Survey (SDSS) obtained photometric measurements for
NGC 4606, but with bad photometric flags. As for measure-
ments of other bright galaxies, the SDSS photometric measure-
ment for M60 is off by ≈ 3 magnitudes (Mamon et al., in prep.),
probably because of poor background subtraction. For these rea-
sons, neither galaxy has SDSS photometry in the NASA/IPAC
Extragalactic Database (NED).
I attempted to measure the photometry of these two galaxies
directly from the SDSS images. A SExtractor (Bertin & Arnouts
1996) extraction of NGC 4606 (using large 512 × 512 pixel
tiles to estimate the background, thus avoiding an overestimate
of the background at the position of the large galaxy), gave
r = 11.77 ± 0.00 (while its magnitude in the SDSS database
is r = 12.22 ± 0.00). On the other hand, M60 is located near
the edge of its 14′x10′ scan, and its image almost fills the en-
tire scan, so that the background subtraction is uncertain, which
leads to important uncertainties in the photometry for M60 (one
can also distinguish different background levels in the SDSS mo-
saic of Fig. 1).
Figure 3 shows the difference in magnitude between
NGC 4606 and the giant elliptical M60 for different wave-
lengths. Given its morphological type, NGC 4606 is bluer than
M60 (as can be seen in Fig. 2). Fitting a cubic spline to the mag-
nitude difference as a function of log wavelength, NGC 4606
is found to be 3.11 mag fainter than M60 in the R band.
However, assuming Gaussian-distributed magnitude errors, a
simple Monte Carlo analysis (with 105 trials) shows that only
81% of the time is the magnitude difference in the R band greater
than 3 magnitudes.
Alternatively, the total R-band photometry of M60 and
NGC 4606 can be found by extrapolating the B or V total pho-
tometry from the RC3 (de Vaucouleurs et al. 1991) using B − R
or V − R colors measured in annuli at roughly half the luminos-
ity. M60 has BT = 9.81 ± 0.05 (de Vaucouleurs et al. 1991) and
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Fig. 3. Magnitude difference between NGC 4606 and M60 in dif-
ferent wavebands: BT , VT from the RC3 (de Vaucouleurs et al.
1991) and J, H, K from 2MASS (Jarrett et al. 2000), all read in
NED. The cross is the spline fitted value for the R band (with
Monte-Carlo 1σ error).
a color B − R = 1.59 at the effective radius (from Peletier et al.
1990), yielding RT ≃ 8.22 ± 0.05. NGC 4606 has VT = 11.83 ±
0.09 (de Vaucouleurs et al.) and V − R = 0.48, which is the me-
dian of four measurements by Schro¨der & Visvanathan (1996).
This yields RT ≃ 11.35 ± 0.09 for NGC 4606, hence the dif-
ference in R-band total magnitudes is 3.13± 0.10. For Gaussian-
distributed errors, this leads to a 90% probability that NGC 4606
is too faint to destroy the isolation of the M60 CG. The errors
here do not include uncertainties in the colors nor in the calibra-
tion.
Hence, the M60 compact group has a good probability of
being isolated (according to Hickson’s criterion), but one cannot
statistically rule out that NGC 4606 is bright enough in the R
band to spoil the group’s isolation.
3. SBF distance data
As part of the ACS Virgo Cluster Survey (Coˆte´ et al. 2004),
Mei et al. (2007) analyzed Hubble Space Telescope images to
measure distances to 84 Virgo cluster ellipticals and S0s using
the SBF method.
Mei et al. calibrated the SBF distances by fitting the trend of
SBF apparent magnitude vs. (g475 − z850)0 color. They provided
SBF distances using three different fits: linear, polynomial, and
broken-linear. Mei et al. expressed their preference for the (4-
parameter) broken-linear calibrated SBF distances. They noted
that the χ2 of their broken-line and (4-parameter) 4th-order poly-
nomial fits were equally good, while their linear (2 parameter)
fit produced a slightly greater χ2. They also remarked that the
broken-line fit had a smaller χ2 than the polynomial fit if the
(three) galaxies redder than (g475 − z850)0 = 1.5 were excluded.
According to Table 2 of Mei et al., M60 turns out to be the
reddest (and 3rd brightest) galaxy in Virgo, with (g475 − z850)0 =
1.56. So, one infers that the polynomial calibration is superior
for M60, while the broken-line calibration is better for the three
other galaxies of the M60 CG. I thus also consider a mixed cali-
bration which is broken-linear for (g475 − z850)0 < 1.5 and poly-
nomial for (g475−z850)0 ≥ 1.5 (the broken-linear and polynomial
fits intersect at this critical color, so the mixed calibration is con-
tinuous).
4. Analysis
Table 1 shows the data for the 4 group members for which SBF
distance measurements are available. Figure 4 illustrates the dis-
tances to the 4 ellipticals in the M60 CG and to the three bright-
est Virgo galaxies (besides M60): M87, M49 and M86. M60 and
Fig. 4. Surface brightness fluctuation distances (from Mei et al.
2007) for the 4 ellipticals in the M60 compact group (left) and for
the three other brightest ellipticals in the cluster (right). The red
triangles, green squares and blue circles represent the distance
measurements using the broken-line, linear, and polynomial cal-
ibrations, respectively.
NGC 4638 appear to be located at roughly the same distance as
the three luminous Virgo galaxies, M87, M49 and M86. On the
other hand, M59 and NGC 4660, whose SBF distances are con-
sistent (regardless of the calibration used) appear to lie roughly
2 Mpc closer to us.
Assuming Gaussian errors in the distance moduli, the dis-
tribution of the difference in distances of galaxies 1 and 2 with
measured distance moduli µ1 and µ2 and uncertainties σ1 and
σ2 is a Gaussian with mean µ2 − µ1 and distribution
√
σ21 + σ
2
2.
Hence, the probability that the difference in distance moduli of
the two galaxies is greater than ∆µ is
P(∆µ) = 1
2
1 + erf

∆µ − (µ2 − µ1)√
2 (σ21 + σ22)

 , (1)
where erf(x) is the error function. Expressing the distance dif-
ference ∆D in terms of the difference in distance moduli ∆µ as
∆D = 2 D(µ) sinh(0.1 ln 10∆µ) and using Eq. (1), the minimum
difference in distances of two galaxies is
(∆D)min = 2 D(µ)
× sinh
{
ln 10
10
[
2σrms erf−1(2P−1) + ∆µ
]}
, (2)
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Table 1. Data including SBF distance moduli to the galaxies in the M60 compact group
Galaxy RA Dec type BT v distance modulus
Messier NGC VCC (J2000) (km s−1) broken-line linear polynomial
59 4621 1903 12h42m02.s3 +11◦38′49′′ E5 10.57 410 30.86 ± 0.06 30.92 ± 0.03 30.89 ± 0.05
— 4638 1938 12h42m47.s4 +11◦26′33′′ S0 12.13 1164 31.21 ± 0.05 31.15 ± 0.04 31.18 ± 0.05
— 4647 1972 12h43m32.s3 +11◦34′55′′ Sc 11.94 1422 — — —
60 4649 1978 12h43m40.s0 +11◦33′09′′ E2 9.81 1117 31.19 ± 0.07 31.31 ± 0.04 31.06 ± 0.06
— 4660 2000 12h44m32.s0 +11◦11′26′′ E5 12.16 1083 30.88 ± 0.05 30.84 ± 0.04 30.88 ± 0.05
Notes: positions, types and heliocentric velocities are from NED, magnitudes from RC3, and distance moduli from Mei et al. (2007).
where y = erf−1(x) is the inverse error function, i.e. erf(y) = x.
Table 2 provides the minimum distance difference between
various pairs of galaxies of the M60 CG, using Eq. (2). All three
Table 2. Minimum line-of-sight separation of galaxy pairs
Galaxy 1 Galaxy 2 SBF calibration (D2 − D1)min/(1 Mpc)
P = 0.95 P = 0.99
M59 M60 broken-linear 1.32 0.85
M59 M60 polynomial 0.30 –0.08
M59 M60 linear 2.37 2.11
M59 M60 mixed 0.43 0.02
M59 NGC 4638 broken-linear 1.64 1.25
M59 NGC 4638 polynomial 1.29 0.93
M59 NGC 4638 linear 1.10 0.84
NGC 4660 M60 broken-linear 1.25 0.82
NGC 4660 M60 polynomial 0.37 –0.01
NGC 4660 M60 linear 2.85 2.56
NGC 4660 M60 mixed 0.37 –0.01
NGC 4660 NGC 4638 broken-linear 1.59 1.23
NGC 4660 NGC 4638 polynomial 1.36 1.00
NGC 4660 NGC 4638 linear 1.58 1.30
M59+NGC 4660 M60 broken-linear 1.39 0.99
M59+NGC 4660 M60 polynomial 0.44 0.09
M59+NGC 4660 M60 linear 2.69 2.44
M59+NGC 4660 M60 mixed 0.52 0.17
Notes: the lines with mixed SBF calibrations use broken-line and poly-
nomial SBF calibrations for Galaxy 1 and M60, respectively, which ap-
pear to be the most appropriate calibrations for those galaxies. For each
combination of galaxies, the most suitable set of SBF calibrations are
highlighted in bold.
SBF estimators indicate that NGC 4638 is at least 800 kpc more
distant than M59 and 1 Mpc more distant than NGC 4660 (both
at the 99% confidence level). Moreover, using the broken-linear
or linear SBF calibrations, M60 must lie at least 0.82 Mpc (99%
confidence) further away than either M59 or NGC 4660. On the
other hand, the SBF distances determined with the polynomial
or mixed calibrations produce consistent distances between M60
and either M59 or NGC 4660. However, one can combine the
distances to M59 and NGC 4660 to obtain a
√
2 smaller uncer-
tainty in the distance of that galaxy pair. M60 then turns out to be
440 or 520 kpc further away than the pair (at the 95% confidence
level), depending on which of the polynomial or broken-linear
SBF calibrations is used to estimate the distance of the pair.
5. Discussion
What is the maximum line-of-sight separation that is allowed
for a galaxy pair located within a dense group of galaxies? Or
equivalently, what is the maximum line-of-sight size of a dense
group of galaxies?
One can specify that the maximum line-of-sight separation
between galaxy pairs in a dense group must be smaller than
twice its projected diameter or, alternatively, twice the 84th per-
centile (corresponding to +1σ for a Gaussian distribution) of
the projected diameters of HCGs. Given that the angular radius
of the Hickson circle of the M60 CG is 0.◦38 (Mamon 1989),1
and given its (error-weighted) mean (mixed SBF calibration)
distance of 15.94 Mpc (see Fig. 4), the projected radius of the
Hickson circle is 106 kpc. In comparison, the median projected
radius of the 68 HCGs with at least 4 accordant velocities2 is
56 kpc, and 106 kpc corresponds to the 87th percentile of the
distribution of HCG projected radii. Both criteria are therefore
virtually identical. I thus adopt a maximum line-of-sight size of
4 × 106 = 424 kpc.3
According to Table 2, it is highly unlikely that NGC 4638 is
part of a dense group or pair containing M59 and NGC 4660.
Still, 4 galaxies remain once NGC 4638 is omitted. Nevertheless,
M60 cannot be part of the dense group or pair containing M59
and NGC 4660, at a 99% (broken-linear or linear SBF calibra-
tions) or 95% (polynomial SBF calibration) confidence level.
Therefore, one can state with high confidence that among the
four early-type galaxies in the M60 CG, M59 and NGC 4660
cannot constitute a dense group of galaxies with M60 and
NGC 4638.
The M60 CG in Virgo is just one example of a Hickson-like
compact group. Up to now, SBF distances have been measured
for galaxies out to v = 4000 km s−1 (Tonry et al. 2001) and the
ACS Virgo Cluster Survey has measured distances to galaxies
as faint as BT = 16 (Mei et al. 2007). There is one HCG within
these distance and magnitude limits: HCG 68 (v = 2400 km s−1,
Hickson et al. 1992, 2 ellipticals and 2 S0s, all with BT ≤ 14.56,
Hickson et al. 1989, plus one Sbc), whose nature could therefore
be probed in the same way as for the M60 CG. In the near future,
SBF distances should become available for fainter and more dis-
1 This angular radius is not affected by the removal of NGC 4647
(see Fig. 2).
2 I exclude HCG 54, the HCG with the smallest projected ra-
dius, because it does not constitute a group of galaxies, appear-
ing instead to be either a group of H ii regions in a single galaxy
(Arkhipova et al. 1981) or the end result of the merger of two disk
galaxies (Verdes-Montenegro et al. 2002).
3 This is a very liberal choice: in a recent analysis of compact groups
of galaxies in the Millennium survey, Dı´az-Gime´nez et al. (2008) show
that maximum three-dimensional separations of 160 h−1 kpc ≃ 224 kpc
are required to produce physically dense groups of galaxies, selected
with Hickson’s criteria, whose line-of-sight sizes are on average equal
to their projected diameters. Adopting a smaller maximum line-of-sight
dimension will reinforce the conclusion that the M60 CG is caused by
a chance alignment of galaxies.
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tant early-type galaxies, allowing for direct line-of-sight analy-
ses, similar to the present one, for additional HCGs.
Alternatively, the nature of the the full set of HCGs can be
assessed by confronting the observational properties of these
exceptionally dense galaxy systems with those constructed us-
ing either cosmological hydrodynamical simulations that can re-
solve sufficiently small galaxies, or alternatively, galaxy forma-
tion simulations based upon realistic galaxy positions obtained
from high-resolution cosmological dark matter simulations.
Using this second approach, McConnachie et al. (2008) and
Dı´az-Gime´nez et al. (2008) have recently shown that roughly
half of the Hickson-like CGs with at least 4 accordant veloci-
ties are chance alignments of galaxies, the precise fraction de-
pending on the cut-off in maximum line-of-sight size, and on the
galaxy formation code ran on the outputs of the Millennium dark
matter simulations (Springel et al. 2005).
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